
12 . Newton's Method

• Newton's method

• Cho lesKy decomposition .

° Home work 2 due date Feb 9
,

EOD

• Midterm Feb 22



Newton's method .

- min fees . f. IRISR
HEIR" continuously diff .

• Norton's method is second order method ( Hessian
) .

• Given an iterate age , the next
iterate Kati

Kati = argminfcxk-Tffxkjfx-xid-tzcx-xejffcxndcx-xid.IE/R"f
quadratic approx. of f-

atone .

• screen is unique if Tff yo .

Tifton) t Ff ca) Cx- xx)
= O

9ktI
= Xk - 2K tf Coad )

-1

If k) .

• The update aka with HEI is called pure
Newton's method.

•
. fcx.es/Ffeoex ) is descent d.ration if Tff 70 .



Convergence of Newton's Method .

Q. Nice pure Newton's method converge if He > 0 for
all k ?

Example : foes = ¥2 µ
f-
'
Go = 7¥ . f'

'Cassata
> O 2=0 .

Kate = xx - f-
'

Gen) Gtx)%= - se,f
⇒⇒

= ""
- Fifa = ask.ci

"'

O if lxol C. I 'Therefore :

⇒⇒ { ±e if Kol = 1

diverse if Holst .

a Pure Newton may diverge even if the >O '

• In practice , dampen cake 1) .



Convergence of Newton 's Method . ( Thom 52 in Amir Beed.

Suppose f: IR
"
→ IR is twice continuously differentiable -

od :
① FIGS > EI for some eso and for all so .

② 1174 - Tff Cg) H s Lux-yu for all x.g.and

some <SO .

Then , the pure
Newton iteration satisfies :

Kanti - 2911
,
E ÷ Il see - sills

In addition
. if Koco - x

-Ha E Ez y
then

Hocus - x
-H E (2£) ( f)

"

g
k - O
,
I, 2. .

.
.

( Local quadratic conveyance) .

"Matta-HE Hae-Adl



Rates of convergence

If Kk -378 and there exista real number

MSO and pz I
s-t -

lion 1104*-2*42 = µ .

KSN Kock -x. ILP

then
,
we say p is the rate of convergence ofTde) .

eg : a,e= ⇐It has rate of convergence of 2 .



Dampened Newton 's Method .

Kate = xx - die Foxes )
- +

Tf ex) .

Input : e so tolerance
-

Xo - initial guess
.

die .

de Eco,I) back tracking parameter .
• Compute the Newton deration

die by solving

TffGer) die = - Tf Cock)
.

• set die .- 1 .
white

foxes - fore -aged,a)
?
-Mak Tfcxk5dk

Me ← die12
•

Xxii = xx e- 2Kdis

• stop if u Tfcx ,# H c E .



Factorization .

Previously , we have seen that any
matrix AEIRM

""

has GR fartonjation , i.e A = R .

A-x=b ⇐ Rx= Ob .

If A >0 , other farting at
-

on are available :

• Eigenvalue decomposition : U - orthogonal, A - diagonal .

A = U NUT
,
Ax-b ⇒ Ay = Vtb .

, y = Use .

• Cho leaky decomposition : L > O ,
2 - lower tray-Las.

A-= LIT
,
Ax = b ⇐ Ly- b , 25C-y .

- -
back sobre forward sake .



Rosenbrock function .

foxes,xD = too Cxz-XI)
-

+ CI- xD?

Solution : Gee ,>E) = Cl, I) .

FFC lot = [Igloo
-

I:) , KC-vfu.is) Laye .






